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(54) Synchronization detection device and method in DS-CDMA 



(57) In a synchronization detection device and its 
method, codes to be detected can be identified at high 
speed, the supply of the data shift clock (D CLK1 ) to be 
given to the matched filtering means (82) is stopped at 
desired timing to hold the received signal (S1 0) and rep- 
lica code generated at the correlation coefficient gener- 
ation means (83) is switched -to the first, second or third 
replica code at desired timing to detect the correlation 



value of that time. Thereby, the second code, the third 
code and the first code are detected in order to detect 
the timing and the code type of the first code. Therefore, 
each correlation detection can be conducted at the 
same timing since the matched filtering means conducts 
the correlation detection at high speed holding the re- 
ceived signal and thus, the first code included in the re- 
ceived signal can be identified at higher speed than be- 
fore. 
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Description 

[0001] This invention relates to a synchronization detection device and its method, and more particularly, is suitably 
applied to a cellular radio communication system that allows asynchronous communication between base stations 
according to the direct sequence-code division multiple access (DS-CDMA) system. 

[0002] The DS-CDMA system is a multiplexing system using spread codes and its application to the cellular radio 
communication system has been vigorously under study as one of the radio access systems of the future mobile 
communication system. In the cellular radio communication system, an area to provide communication service is di- 
vided into cells with a desired size and a base station as a fixed station is provided in each cell and a communication 
terminal device which is a mobile station is connected by radio to the base station having the best communication state. 
[0003] In such cellular radio communication system, a method to search a base station to which the mobile station 
is connected is generally called as a cell search. In this DS-CDMA cellular radio communication system, in order that 
the base stations use the same frequency, timing of spread code included in the received signal should be trapped 
simultaneously with this cell searching. 

[0004] This cellular radio communication system using the DS-CDMA system can be classified into two types: a 
synchronous system between base stations in which temporal synchronization is performed among all base stations; 
and asynchronous system between base stations in which time synchronization is not conducted. Since the synchro- 
nous system between base stations is regulated by the IS-95 Standard : absolute reference time is set in each base 
station using radio waves of the global positioning system (GPS) and thus, temporal synchronization will be performed 
among base stations. In this system, base stations transmit the same long code as the spread code at timing different 
from each other based on the absolute reference time. And thus, at the time of cell search, the mobile station can 
search the base station to be connected only by trapping the timing of long code. 

[0005] On the other hand, in the asynchronous system between base stations, base stations transmit a different long 
code in order to identify base stations, and accordingly, at the time of cell search, it is necessary for the mobile station 
to detect timing of the long code as well as the type of the long code. Therefore, in the case of asynchronous system 
between base stations, there is a demerit that the time required for cell search becomes longer as compared with the 
synchronous system between base stations. However, as contrary to the above, in the asynchronous system between 
base station, since it is unnecessary to receive GPS radio wave, service area can be widened to areas where GPS 
radio wave can not reach. Therefore, if the cell search problem can be solved, this system is very effective. 
[0006] As a method to speed up the cell search in the asynchronous system between base stations, several methods 
can be considered. One of these methods is that of transmitting a common short code among base station as well as 
a long code and a group identification short code to specify the long code group, and of detecting the timing and code 
type of the bng code to be transmitted based on these short codes. In the following explanations, the method to detect 
the code timing and code type will be referred to as identification. 

[0007] More specifically, the base station has a signal generation unit 1 of the control channel as shown in Fig. 1, 
and it forms transmission data in which long code, common short code and group identification short code are combined 
by using the signal generation unit 1 , and transmits this through the control channel. At first, a first multiplier 2 sequen- 
tially spreads input information bit SI having the value such as 'i " with the common short code CSC having compar- 
atively short cycle, that is common in each base station, and outputs spread data S2 to a second multiplier 3. In the 
second multiplier 3, long code LC having the longer cycle than the common short code CSC is entered and the spread 
data S2 is successively spread using the long code LC and the spread data S3 is output to an adder 5. 
[0008] In this connection, this long code LC is very specific to every base station and base stations are identified by 
this long code LC. And a long code enable signal SCE is entered into AND circuit 4, and by setting this long code 
enable signal LCE to the level *L" at a fixed'cycle, the long code LC to be supplied to the second multiplier 3 will be 
masked over the segment of level 'L". Thus, the spread data S3 to be sent from the second multiplier 3 is not spread 
out in the long code LC over the segment on which long code enable signal LCE has the level 'LV Hereinafter, the 
segment over which the long code LC is masked is referred to as masked segment. 

[0009] On the other hand, group identification short code GISC, that shows the group of long codes LC to be used 
in the signal generation unit 1 and has the same cycle as the common short code CSC, is entered into the third multiplier 
6. And this third multiplier 6 spreads out information bit S4 having such as the value "1 ■ with this group identification 
short code GISC and outputs spread data S5 to the adder 5. In this connection, the spread data S5 will be formed on 
the masked segment of long code LC. 

[0010] The adder 5, by adding these spread data S3 and S5, forms transmission data S6 tor transmitting by the 
control channel. Thus, by transmitting this transmission data S6 by the control channel via the transmission circuit and 
antenna (not shown in Fig.), the transmission signal containing long code LC, common short code CSC and group 
identification short code GISC is be transmitted from the base station. 

[0011] At this point, the timing of long code LC, common short code CSC and group identification short code GISC 
included in the transmission signal transmitted from the base station will be shown in Figs. 2A to 2C. As shown in Figs. 
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2A to 2C, common short codes CSC exist repeatedly in the transmission signal. Also long codes LC exist repeatedly 
in the transmission signal. However, the long code LC is masked just over the segment synchronized with the common 
short code CSC at the cycle T MK . Moreover, in the masked segment of the long code LC, since the spread data S5 is 
added, group identification short code GISC exists over that masked segment. 

5 [0012] In the case of receiving the transmission signal containing codes (CSC. GISC and LC) by the mobile station 
at the above timing and identifying the long code LC included in the transmission signal, firstly the common short code 
CSC existing over the masked segment is detected from the received signal to detect the timing of long code LC. When 
it is detected, the type of group identification short code GISC existing over the masked segment is determined. In this 
case, the group identification short code GISC shows the group of long code LC included in the received signal, and 

io if the type of group identification short code GISC can be identified, the candidate of long code LC can be specified to 
that group. 

[001 3] Accordingly, after the grup identification short code GISC is determined, the type of long code LC included in 
the received signal can be identified by narrowing down the candidate onto the long code LC in the group which the 
group identification short code GISC shows and sequentially confirming whether these are candidates or not. With this 
*5 arrangement, since the number of candidates can be decreased by the group identification short code GISC, the time 
required to judge the type of long code LC can be shortened as compared with the case of making all long codes LC 
as candidates. 

[0014] At this point, the synchronization detection device to identify long code LC included in the received signal 
according to the above method will be shown in Fig. 3. In this Fig. 3, 10 generally shows a synchronization detection 

20 device to be provided in the mobile station, receiving the received signal S10 received via an antenna and a receiver 
(not shown in Fig.), and as well as detecting the timing of long code LC having the strongest signal level included in 
the received signal S10, it determines the type of that long code LC. More specifically, at the time of cell search, this 
judges the base station by determining the timing and code type of the long code LC having the strongest signal level. 
[0015] At first, the matched filter 11 detects the correlation values between the received signal S10 and the replica 

25 code D csc of the common short code CSC generated at the short code generator 12 in succession and stores the 
correlation value data S11 in a memory 13. The matched filter 11 detects the correlation value at least over the period 
of approximately three cycles of long code cycle. 

[0016] The maximum correlation detection circuit 14 reads out the correlation value data S11 stored in the memory 
13 and detects the data having the largest correlation value among the data S11. And assuming the timing at which 

30 the largest correlation value is obtained as the timing of long code LC having the strongest signal level included in the 
received signal S10, the maximum correlation detection circuit 14 outputs timing information SI 2 showing that timing. 
This timing information S12 is transmitted to the short code generator 12 and the long code generator 15 as the timing 
information S1 2 to generate replica code of the group identification short code GISC and replica code of the long code 
LC. Moreover, the maximum correlation detection circuit 14 outputs the detected correlation value data SI 3 having 

35 the largest value to a threshold determining circuit 18. 

[0017] When the short code generator 12 receives the timing information SI 2, it generates replica code D GISC , that 
is the first candidate in the plural number of group identification short codes GISC at the timing shown by the timing 
information SI 2 and outputs the code D GISC is to a sliding correlator 17 via a multiplier 16. 

[0018] On the other hand, the threshold determining circuit IB determines the first threshold value for determining 

40 the type of group identification short code GISC and the second threshold value to determine the type of long code LC 
based on the correlation value data Si 3 and outputs these to a judging unit 1 9 as the threshold data S14. 
[0019] The sliding correlator 17 successively multiplies the replica code D G(SC of the group identification short code 
GISC by the input received signal S10 and by integrating the multiplication result for 1 cycle of the replica code D GISC , 
calculates the correlation value and outputs the correlation value data S15 to the judging unit 19. 

45 [0020] The judging unit 1 9 judges whetherthe correlation data S1 5 transmitted from the sliding correlator 17 exceeds 
the first threshold value or not, and if it does not exceed the first threshold value, outputting the control signal S16 to 
the short code generator 12, causes this short code generator 12 to generate replica code D GISC , that is the next 
candidate of the group identification short code GISC. Thus, the replica code D GISC of the group identification short 
code GISC is be generated by the short code generator 12 in succession and the correlation value data SI 5 of that 

so replica code D GISC is obtained successively by the sliding correlator 1 7. 

[0021] On the contrary, if the correlation value data S15 transmitted from the sliding correlator 17 exceeds the first 
threshold value, the judging unit 1 9 judges that the then replica code D Gtsc is the group identification short code GISC 
showing the group of long codes LC to be detected and outputs the group shown by that group identification short 
code GISC to the long code generator 15 as group information S1 7. Also, in the case where the correlation value data 

55 S15 exceeds the first threshold value, the judging unit 19 outputs a control signal S18 to the short code generator 12 
and causes the short code generator 12 to generate replica code D csc of the common short code CSC. 
[0022] When the long code generator 15 receives the group information S17, it generates replica code C\ c that is 
the first candidate of the long code LC in the group which the group information S17 shows at the timing shown by 
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- - , .s™ ci o xhi S reolica code of the long code LC is entered into the sliding correlator 17 after being 
[0023] The sliding correlator 17 successively mu. up. K .^mon shor t code CSC and by integrating 

the second threshold value or not. and if t does ^ 9 |jca ^ D ^ me judging unit 1 9 

correction va.ue data 81 9 of that ^^^J^^SSTJL sent out trom the sliding corrector 17 
,0025] On the contrary, in the case 'J^^'^^Si. then rep ,ica code as the long code LC to 
exceeds the ^ d ^^^nM shying the ^pJ of the long code LC. Accordingly, this synchronization 
be detected and outputs information S21 showing ine iyP e « a datects the timinq of the long code 

detection device 10. at the first stage, by detecting me °^^^^J^^^^i unit 1 9 identifies 
LC having the strongest signage, in ; the received ^.^^^^ ^ 0 ?, 0 ng code LC to be 
the group identification short code G ISC " ™ g code L 9 C by the tong code LC in that group as 

a ^™~ - »* — lc havins - stron9est si9nai ,evei 

included in the received signal can be identified. Hot(setinQ 1he correlation value of the common short code 

CSC shown in Fig. 3 will be shown ^J^^XTl toSi 4-phase construction as shown in this Fig. 4. Firstly, 
keying (QPSK)-modulated. ,n P^et^e ma ^ed WteMI has the 4p ^ ^ ^ ^ 

in the matched fitter 11. the received signal S O entered I intcn ma .piie phase - sh ifter 

to be converted to digital m-phase data U,. —-niator 22 is entered into the multiplier 21 . The 

[0027] On the other hand, the carrier signal S25 generated in the osc.lla or 22 ' s ™° p SQ Q , the 

LSier 21 . by multiplying the carrier signa^ 

this to an adder 32. mta1nr 9g the in - D hase data Ul and the orthogonal element replica code U QR of replica 

[0029] Furthermore. "^"^^^^S^,^ sh0 rt code generator 12 are.entered. The cor- - 

ra^r" 

quadrature data U and the ^ cacode , U of the 
^uSSiil are entered. The corrector 30 « es ^~^ 

quadrature data U Q and quadrature element replica code delator 31 to calculate 
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■ ^ time series us ing the matched filter and the sliding correlator, and basically each 
the identified group are conducted in time senes ' "V. transmission path changes due to such as fading. 

^^inviewoftheforegoing. an object o, this invention is to provide a synchronization detection device 
ES^SSj c^es to 9 be detected at high speed ^^^^ by the provision o, a synchroni- 
[0 034] The foregoing object ^^^^^^ Zl thrown second code to detect the timing ol 
zation detection device for rece.vmg a s^naT ^'™^ e ™ dQtecti tne timing and code type of the 

the first code and the third code to specie g^M codejna 9.^ ^ ^ 

first code included In the J^J^SJ^^^ to the first, the second or the third code and 

for receiving the first, the second or the ^rd replca i «*eco po g ^ ^ ^ sjgna| as we| , 

detecting the correlation value between^ correlation coefficient generation means 
as capturing the received signal base d ^ZV^a^e^6 supplying it to the matched filtering means, and a 
for generating the first, the second or the ^^^^.^^e desired timing and causing the matched 
control means for. as well as stopping the J1S«2 o be generated at the correlation coefficient 

fittering means to hold the recerved s.gna. * desired timing and detecting the then correction 

^ 3 rr.rdrsrc.oc k tob 

received signal is held, and the repUca code * J* 9 ^^ tne then correlation value. Thereby, the second 
the first, the second or the third replica code at timing and co de type of the first code are 

code, the third code and the first code are £££ SmJEion detection at high speed holding the re- 

detected. Therefore, the matched tittering "^^22 * 3 PP lately the same timing, and thereby the first 
ceived signal and each correction diction ^^^^^^J^ with the conventional device 
^X^^^SXC^:^ -ome more apparent from the fo.lowing detailed de- 
5n wien -ad Conjunction with the accompanying drawings ,n wh.ch. 

rnrtted from the base station. ^--.^cton of a conventional synchronization detection device, 

embodiment; . . )flrna . instruction of the matched titter; 

lme " c k ».™.i,uMionolsfouf*asematchedm.rac<OTdhgtomefi'SlennbodiiT»m; 

ST? 4 is a btock diagram showing the construction of synchronize detection device according to the second 
HgTs^blocK diagram showing the constructs of a correlation coefficient generator according to the second 
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the tone code identification according to the second 
embodiment; rocessing procedure up to the .on 9 code 

Fl g. 20 is aflowcharl show.no. * P • n 110 to the qroup identmcation. 

embodiment; and the detection timing up to the group 

[0 0381 Firstly, as shown inRg csc , ^ient the multiplication results to 

each multiplier ol the coefficien QR with t^ client J ent mu ,tip,ier 42B with lh.com- 

shitt register 42A by each brt ol repuca , each multiplier ol the coein be transmItted . 

fining the n-^*^^ STobtained and the resultant, jorre^on valueSSO^ ^ ^ of 
, bining circuit 42C the correlation^ value_ * ^ a repl(Ca code Dcsc « code or D 

0040 5 , The short «~«^£^£Son short code ^ or o 61sc h entered 

a replica code D G1SC i 0, . th ^%° U 1 P t o be transmitted from the controller 4 1 .iff s £ ^ etected . 

based on the control signal S31 to oe i ^ Dr to be correa lv ™ D ol ^e long code 

Sote matched filter 42 vj the ^^.^.J* * a cl^.S,^^^.^"^^ - iS 

s r0041] On the other hand, the long i coo _ a ^ signa , S32 senuro aNQ c(rcult 4 ^ 

Fein which the replica code D LC » er *f W * .„ supplied to the other end of ^fT^ out irom the AND 
\oZ circuit 46. A masK eojo .signa J,,, J ^ , s . H , ^ ^ fr d 

^^^^ 

l0 042] The comparator 47 rece^ 

data Dth and the value of correlation va™ comparator 47 outputs the oeie mem0 rized inside and 

JE. S8D exceeds the value of threshoW £*• DTH ^ ^ values V^o V 3 ^ 

35 41 The controller 41 outputs a «^£^ laltan value S30. to the ^^^e, signa , 8 10 only lor the 
the threshold value V w d*^^ , or counting time to mput the received g ^ ^ 
f0043] As shown in Fig. 7. the t.mer 4E I is a . |der , tify ing the group ,d ^™ c * opera tion and after 

[0044] At this point, m th,s „ be snown in Figs. 8 and 9 Rg. J& show P ion short code 

45 U io included in the , recerved ^ ^ %o ^ & ****** ^ code GISC to the 

detection o1 long code LC by the > «™ identification by the group .oe 

GISC, and Fig. 9 shows processing from g ^ ^ ^ ^ short 

identification of the long code LC_ jden , lfyin g the group of long^ L £ s oul putting the control signal 

10046] Then, at the lollowtng ^ fllter 42 start m d1rom tne matched 
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tection data S DET is obtained or not. 

[0047] As a result of judgment in this step SP5, if the correlation value S30 exceeds the first threshold value Vy^, 
the controller 41 moves to the following step SP6 assuming that the common short code CSC has been detected. At 
the step SP6, the controller 41 stops bit shift operation of the shift register 42A of the matched filter 42 by stopping the 

s operation clock D CLK to be supplied to the matched filter 42. With this arrangement, the controller 41 holds the received 
signal S10 of the time when the common short code CSC is detected in the shift register 42 A. 
[0048] At the following step SP7. the controller 41 sets the second threshold value V-^ for detecting the group 
identification short code GIS to the comparator 47. Then at the next step SP8, the controller 41 causes the short code 
generator 44 to generate the first candidate of the replica code D G1SC out of the plurality of group identification short 

io codes GIS by outputting the control signal S31 . Then, the matched filter 42 calculates the correlation value between 
the received signal S10 presently kept in the shift register 42A and the replica code D GISC . 

[0049] At the next step SP9, the controller 41 judges whether the correlation value S30 sent from the matched filter 
42 exceeds the second threshold value or not in the same manner as the judgment processing at the step SP5. 
As a result, if the correlation value S30 does not exceed the second threshold value V-p^, the controller 41 moves to 

'5 the step SP1 0 and causes the short code generator 44 to generates the next candidate of the group identification short 
code GISC, replica code Dqjsc, and returning to the step SP9 again, conducts the judgment on the correlation value 
S30. Accordingly, as a result of generating the candidates of group identification short code GISC successively and 
judging the correlation values S30, if the correlation value S30 exceeds the second threshold value V-^, the controller 
41 moves to the step SP11 and terminates the processing assuming that the group identification short code GISC 

20 could be identified. As a matter of course, the replica code Dqjsc which could be obtained an affirmative result at the 
step SP9, becomes group identification short code GISC existing in the received signal S10. Moreover, if the group 
identification short code GISC can be detected, since the position in which the group identification short code GISC is 
inserted with respect to the long code LC is already known, this means that the timing of long code LC can be identified. 
Moreover, since the group identification short code GISC could be identified, this means that the type of long code LC 

25 in the received signal S10 could be specified to the group which the group identification short code GISC shows. 

[0050] In this connection, Fig. 7D and Fig. 7E show the correlation detection timing of short codes. The correlation 
value S30 of the replica code Dqqq becomes large when the common short code CSC existing over the masked 
segment is captured in the shift register 42A of the matched filter 42, and at that timing the correlation value S30 
exceeding the first threshold value can be obtained. In this case, since the received signal S10 in which common 

30 short code CSC is detected is held in the matched filter 42 and replica codes D GISC to be given to the coefficient 
multiplier circuit 42B of the matched filter 42 are shifted in order of candidate at high speed, the correlation value S30 
of replica code D G)S c can be detected at almost the same timing as the correlation value S30 with respect to the 
common short code CSC. 

[0051] Then, referring to Fig. 9, the processing up to the identification of long code LC will be explained. Provided 
35 that in this Fig. 9, the group identification short code GISC could be detected by the processing shown in Fig. 8, and 
the long code LC will be identified using this group identification short code GISC when intermittently receiving signal. 
As shown in this Fig. 9, at the step SP21 following the step SP20, the controller 41 , outputting the control signal S31, 
causes the short code generator 44 to generate replica code D GISC of the group identification short code GIS detected 
earlier. At the following step SP22, the controller 41 sets the third threshold value Vj^ for detecting that group iden- 
40 tification short code GISC to the comparator 47. 

[0052] At the following step SP23, the controller 41 releases the hold state of the matched filter 42 by supplying the 
operation clock D CLK to the matched filter 42 and makes the matched filter 42 start the correlation value calculation 
operation.. Then, at the next step SP24, the controller 41 judges whether the correlation value S30 transmitted from 
the matched filter 42 exceeds the third threshold value V-^ or not based on the detection data D DET to be sent from 
45 the comparator 47. 

[0053] As a result of this judgment, when the correlation value S30 exceeds the third threshold value V-p^, the 
controller 41 moves to the following step SP25 supposing that the group identification short code Gl SC can be detected. 
At the step SP25, the controller 41 outputs a count start command S34 and causes the timer 48 to count up to time 
TV This time T1 represents the time to capture the received signal S10 required for taking partial correlation with 

so respect to the replica code D LC of the long code LC. 

[0054] At the following step SP26, the controller 41 judges whether the time T1 has elapsed or not based on count 
stop information S35, and if yes, moves to the next step SP27. At the step SP27, the controller 41 stops the bit shift 
operation of the shift register 42A of the matched filter 42 by stopping the supply of operation clock D CLK to the matched, 
filter 42 and causes it to hold data currently existing in the shift register 42A. 

55 [0055] At the following step SP28 the controller 41 calculates the fourth threshold value for detecting the long 
code LC based on the correlation value S30 of the time when the group identification short code GISC was delected 
and sets this fourth threshold value to the comparator 47. At the next step SP29, the controller 41 , outputting the 
control signal S31 to the short code generator 44. causes the short code generator 44 to generate the replica code 
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D csc of the common short code CSC. At the next step SP30, the controller 41 causes the the long code generator 45 
to generate the first candidate of the long code LC, the replica code D^, by outputttng the control signal S32 to the 
long code generator 45. Then, at the next step SP31, the controller 41, by switching the mask control signal Smsk to 
the level "H" outputs the replica code generated at the long code generator 45 to the multiplier 43. Then, the replica 
s code D R , which is obtained by multiplying the replica code Dqqq of the common short code CSC by the replica code 
D LC of the long code LC, is supplied to the matched filter 42. Thus, the matched filter 42 calculates the correlation 
value between this replica code DR and the received signal S10 currently existing in the shift register 42A. 
[0056] At the following step SP32. the controller 41 judges whether the correlation value S30 transmitted from the 
matched filter 42 exceeds the fourth threshold value V-p^ or not based on the detection data S DET from the comparator 

io 47. As a result, (f the correlation value S30 has not exceeded the fourth threshold value the controller 41 proceeds 
to the step SP23 and causes the long code generator 45 to generate the next candidate of the long code LC, replica 
code Dig, and returning to the step SP32, conducts the judgment on the correlation value S30. As a result of sequentially 
generating candidates of the long code LC and judging the correlation value S30, when the correlation value S30 
exceeds the fourth threshold value V-^, the controller 41 moves to the step SP34 and terminates the processing 

is assuming that the long code LC could be identified. 

[0057] In this case, as a matter of course, the replica code D LC that could be obtained an affirmative result at the 
step SP32 becomes the long code LC existing in the received signal S10. Moreover, in the case of identifying the long 
code LC just after the processing shown in Fig. 8 t the processing up to the step SP24 in Fig. 9 can be omitted. ^ 
[0058] In this connection, Fig. 7E and 7F show the relation between the correlation detection timing of the group 

20 identification short code GISC and the correlation detection timing of the long code LC. More specifically, after the 
correlation value S30 of the replica code D GISC is detected, the received signal S10 for the time T1 is captured and 
the correlation value S30 of this received signal S10 with the replica code Di_ c of the long code LC is calculated, so 
that the correlation detection timing of the long code LC becomes the time which is approximately the time T1 elapsed 
after the correlation of the group identification short code GISC was detected. 

2S [0059] According to the foregoing construction, in this first embodiment, firstly, the timing of long code LC is detected 
by detecting the common short code CSC over the masked segment existing in the received signal S10 in utilizing the 
replica code D csc of the common short code CSC. Then, holding the received signal S10 of the time when the common 
short code CSC was detected in the matched filter 42, and by sequentially detecting the correlation between that 
received signal S10 and the replica code D Glsc of the group identification short code GISC, the group identification 

so short code GISC in the received signal S10 is identified. When the group identification short code GISC can be detected, 
the received signal S10 following the group identification short code GISC is captured and the received signal S10 is 
held in the matched filter 42, and by sequentially detecting the correlation between the received signal S10 and the 
replica code D LC of the long code LC, the long code LC in the received signal S10 is identified. 
[0060] In this case, since during the processing from the detection of the common short code CSC to the identification 

35 of the group identification short code GISC, the received signal S10 of the time when the common short code CSC is 
detected is held in the matched filter 42 and the correlation detection is conducted to the received signal S10 and the 
group identification short code GISC is identified, the time interval between processing does not occur as compared 
with the conventional method to capture the received signal at the timing of the common short code CSC and identify ( 
the group identification short code GISC after detecting the common short code CSC thoroughly once, and thus the 

40 time necessary for processing till identifying the group identification short code GISC can be shortened. Also, in that 
case, by holding this received signal S10, the detection processing is conducted on the same received signal S10, so 
that this would not be directly affected by the condition change of the transmission path, different from the conventional 
case. 

[0061] Moreover, during the, processing from the identification of the group identification short code GISC to the 
*s identification of the long code LC, the received signal S10 for the length of time T1 is captured based on the received 

signal S10 of the time when the group identification short code GISC was identified, and the long code LC will be 

identified by detecting the partial correlation by the replica code D LC with respect to this received signal S10, so that 

the processing till identifying the long code LC can be conducted at high speed as compared with the conventional case. 

[0062] According to the foregoing construction, since data is held in the matched filter 42 and by switching replica 
so codes DCSC t DGISC and DLC with respect to that data, and the correlation detection is conducted to identify each 

code, the processing up to the identification of long code LC can be conducted at high speed as compared with the 

conventional case. 

[0063] in Fig. 1 0, 50 generally shows a short code correlation detecting device for obtaining timing of the long code 
LC by adding correlation values of short codes of the common short code CSC and the group identification short code 
ss GISC. 

[0064] In the matched filter 51 the received signal S10 to be correlation-detected is entered, and the matched filter 
51 sequentially captures this received signal S10 into the internal shift register based on the data shift clock D CLK1 to 
be supplied from the outside. Then, the matched filter 51 sequentially calculates the correlation values S40 between 
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this received signal S10 and each of replica codes D csc and D G(SC of the common short code CSC and the group 
identification short code GISC to be supplied alternatively from the short code generator 52 and outputs these to the 
latch circuit 54 and the adder 55. 

[0065] The latch circuit 54 latches the correlation value S40 on the replica code D Glsc of group identification short 
5 code GISC to be transmitted from the matched fitter 51 based on the data latch clock D CLK2 supplied from the controller 
53, and outputs this to the adder 55 as the correlation value S4 1 . The adder 55 calculates combined correlation value 
S42 by adding the correlation value S40 on the replica code Dcsc of tne common short code CSC and the replica code 
D GISC of the group identification short code GISC and outputs it as the detection correlation value. 
[0066] The short code generator 52 generates replica code D csc of the common short code CSC and replica code 
10 Dqjsc of group identification short code GISC alternatively based on the control signal S43 to be supplied from the 
controller 53 and outputs these to the matched filter 51 . 

[0067] At this point, the correlation detection operation in the short code correlation detecting device 50 will be de- 
scribed in detail referring to timing charts shown in Figs. IIAtollF. As shown in Figs. 11 A and 11 B, in this short code 
correlation detecting device 50, the data shift clock D CLK1 which rises at approximately middle timing with respect to 
15 the timing of each bit of input received signal S1 0 is supplied, and bits of the received signal S1 0 are captured into the 
internal shift register at the rising edge of the data shift clock D CLK1 . 

[0068] Moreover, in the short correlation detecting device 50, as shown in Fig. 11 C, the data shift clock D CLK1 gen- 
erates replica code D csc of the common short code CSC over the segment during which the level of the data shift 
clock D CLK1 is "L\ and generates replica code D GISC of the group identification short code GISC over the segment 
so during which the level of data shift clock is "IT, and thus, replica codes D csc and D GISC are alternatively generated 
within one cycle of the data shift clock D CLK1 . 

[0069] The matched filter 51 , by sequentially calculating the correlation values between each of replica codes D csc 
and D GISC to be generated at such timing and the received signal S10 entered into the shift register, generate the 
correlation values S40 on the replica codes D csc and D GISC alternatively as shown in Fig. 11D. 
25 [0070] As shown in Fig. 11 E ( the controller 53 generates data latch clock D CLK2 of which level becomes "H" at the 
timing of generating the correlation value S40 on the replica code D GISC . Thus, the latch circuit 54 holds the correlation 
value S40 on the replica code D G)SC by latching the correlation value S40 based on this data latch clock D CLK2: and 
transmits this as the correlation value S41. 

[0071] Then, as shown in Fig. 11 F, in the adder 55, by adding this correlation value S41 to the correlation value S40 
30 at the timing of outputting the correlation value S40 on the replica code D csc , the combined correlation value S42 in 
which the correlation value on the replica code D GISC and the correlation value on the replica code D csc are combined 
can be obtained. And if the timing of long code LC is detected comparing this combined correlation value S42 with the 
prescribed threshold value as in the case of the first embodiment, the timing of long code LC can be detected considering 
both the common short code CSC and the group identification short code GISC, and thus, the timing of long code LC 
35 can be detected with high precision. 

[0072] Note that, the correlation value S40 on the replica code D csc and the correlation value S41 on the replica 
code Dqjsc are combined in the adder 55. However, not only the combined correlation value S42 but also the correlation 
value ratio between replica codes D csc and D GISC in the combined correlation value S42 can be calculated and this 
correlation value ratio can be transmitted. With this arrangement, the timing detection considering each correlation 
40 value based on the correlation value ratio can be conducted, and thus, the timing of long code LC can be detected 
with higher precision. Moreover, when the common short code CSC and group identification short code GISC are 
already known as in the case of intermittent receiving, signals from a desired station can be identified only by the 
judgment using the correlation value ratio, and thereby the rising time can be accelerated and power can be saved 
more efficiently. 

45 [0073] According to the foregoing construction, by switching the plurality of replica codes D csc and D GISC during 
the data shift timing of the matched filter 51 , almost simultaneously the correlation values of multiple replica codes are 
calculated and the combined correlation value S42 is calculated, so that the timing detection can be conducted with 
higher precision if the timing detection of long code LC using this combined correlation value S42 is be conducted. 
[0074] In General, since the received signal S10 has been quadrature phase shift keying (QPSK) modulated, the 

so matched filter shown in Figs. 5 and 10 practically has four-phase construction. Here, the matched filter having four- 
phase construction will be explained referring to Fig. 12. 

[0075] In Fig. 1 2, in which the corresponding parts of Fig. 4 are designated the same reference numerals, 60 generally 
shows the matched filter having four-phase construction according to the present invention, and in-phase data U, and 
quadrature data U Q obtained by digital converting in-phase element SI and quadrature element SQ separated from 
ss the received signal S10 will be entered into correlators 61 and 62 respectively. 

[0076] The correlators 61 and 62 are matched filters for detecting the correlation value per each signal element. And 
data shift clock D CLK1 is entered in these correlators 61 and 62, and the correlators 61 and 62 sequentially capture the 
in-phase data U, and quadrature data U Q in their internal shift register based on this data shift clock D CLKl respectively 
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roOTTl The correlation coefficient generator 63 is a circuit to generate replica code tor correlation detection based 
™ th* Jtfrrtsianal S50 in which in-phase element replica code U IR and quadrature element repUca code U QR out 
"th^ 

s ST^Thecorre^ 

Ses U, ' U OR to be supplied alternatively as the correlation coefficient and the in-phase data U,. and oirtputs these 

SS idtr S £d .atch'circuit 66 as the correlate vaK,e S51. The Ctch circuit 66 "ESSIES 
Uo out of the correlation value S51 based on the data latch clock D CUK2 to be supplied from the controller 64 and 
outputs this to the diflerentiator 67 as the correlation value S52: .. . .. ... . 8nd M 

to [00791 On the other hand, the correlator 62 alternatively detects the correlate values U QI = U Q UjJ and Uqc , (- 
Eq • ion) between respective replica codes U IR . U QR to be supplied a«ernatK,ely as the correjaton < oeffic.en and the 
ouadra?ure data U„ and outputs these as the correlation value S53 to the drfferent.ator 67 and the match e rcuit 68 
Te Sch ee'laTch hoS. the correction value Uqq out of correlation value S53 based on the data latch clock 
n to be suoolied from the controller 64 and transmits this to the adder 65 as the correlate value S54 

« ESS Tne adder VsTdds up the correlation value U„ out of correlation value S51 and the corre.at.on value Uqq 
i^?»^2in value S54 and transmits the resultant correction value V, (= U ( , +^»£~>™g 
cS 69 The differentiator 67 calculates the difference between the correlation value U Q1 out of correlat.on value 853 
Sfc JrelatSn value 0 a to be supplied as the correlation value S52, and outputs the resultant correlate value 

. ^^£E£Z£^ V, and V Q are squared respect^ with the squaring circuits 69 and 70 
IndbJ adding Jthe squared results V,* and V Q 2 with the adder 71 , the correction va.ue S55 between the receded s.gna. 
Si 0 and the reolica code to be correlation-detected, can be obtained. 

fo^2] 2 tn^ fSnt. the correlation detection operation in the four-phase constructed matched filter 60 w,Hbe de_ 
S more specif ica.ly using timing charts shown in Figs. 1 3Ato 131. Asshown inF.gs. 13Aand 3B. .n th.s rnatched 
f ,er 60, the data shKt ctock D cu<1 to rise approximately at the middle timing with resp^t 

input in-phase data U, and quadrature data U Q is be supplied to correlators 61 and 62. J**™^*^ ** 
sequentially capture the in-phase data U, and the quadrature data U Q at the ns.ng edge of the data sh.fl clock D CLK1 
into the internal shift register respectively. „j„ 1 1 

oSS Furthermore, as shown in Fig. 1 3C. the correlation coefficient generator 63 generates the repl.ca ^code , U, R 
oft phase element over the segment in which the .eve. of data shift Cock D ^ is V and generates the ep. ca 
code U OR of quadrature element over the segment in which the level of data shrft clock D CLK1 is H . And thus , rep-l ca 
codes S" R and U OR of in-phase element and quadrature element are alternatively generated every one cycle of the 

SM64T Th^retetor 61. by sequentially calculating correlation values between respective replica codes U IB and 
U QR to be generated at such timing and the in-phase data U, captured into the shirt register, 9 ene ^ ~ rre, f « 
va°Ses U„ and U|Q on replica codes UIR and U QR alternatively as shown in Fig. 13D. S.m.larly the corre ato 62 by 
sequentially calculating correlation values between respective replica codes U lR and U QR to be ge 
timing and the quadrature data U Q captured into the shift register, generates correlate values Uq, and Uqq on repnea 
codes U. R and U QR alternatively as shown in Fig. 13E. ^ rM ~ «n" at the 

[0085] As shown in Fig. 1 3F. the contro.ler 64 generates data latch Cock D CLK2 of which level becomes Hat he 
timing of generating correlate values U IQ and Uqq on the replica code U QR . Thus, the latch arcu.t 66 holaV the 
correction value U,q based on this data latch Cock D CLX2 and outputs this to the differentiator 67. S.m.larly the latch 
circuit 68 holds the correlation value Uqq based on the data latch clock D CUK2 and outputs this to the adder ^65 
[0086] As shown in Fig. 1 3G. the adder 65 calculates the correlation value V, (= U„ + Uqq) by adding the co relation 
as value Uqq to the correction value U„ at the timing ol transmitting the correlation value U„ from the corrector ei . 
SimiCrly%e differentiator 67 calculates the correlation value V Q (= Uq, - U|Q ) by subtracting the correlation value U 1Q 
from the correction value U Q1 at the timing of transmitting the correction value Uq, from the correlator ^62. 
[00871. With the above arrangement, after doubling correction values VI and V Q at the square-Cw c.rcurts 69 and 
70 respectively, by adding these doubled results V, 2 and Vq* the correlation value S55 corresponding to the replica 
so code to be correction -detected can be obtained. t i „^, „_„ 

[0088] Accordingly, in the case of this matched filter 60, correlation coefficients U, R and Uq,, are alt emat.vely gen- 
erated between the data shift timing of 

U IR and Uqq the correction values U„. U, Q and U Qt . Uqq are alternatively generated at the correctors 6 1 and 6* 
Therefore, tour correction values U„. U.q. Uq, and Uqq can be generated wrthout providing sep ara.e <™ 
ss as the conventional device, and thereby the circuit configuration of the four-phase matched filter can be s.mplified as 
compared with the conventional device. „ k~ n^rihori 

[0089] Next a synchronization detection device according to second embodiment of this invention w.ll be descr * ed 
[0090] In Fig. 14, 80 generally shows a synchronization detection device according to this embodiment, ana rang 
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.nHP I c included in the received signal S1 0 is identified at high speed by controlling each circuit with a controller 81. 
££li Alsoln Ihe £s JZ embodiment, the received signal S10 is entered into the matched filter -B2 .and the 
Sid 82 sequentially enters that received signal S10 into the internal shift reg.ster based on the data shift 
matched ^^^^^ ZrtM 81 Then, the matched filter 82 sequentially calculates the correlation value 

810 captured and the replica code D R to be corre!ation<ietected that ,s 

gene^ 

S>921 The correlation coefficient generator 83 generates replica code D csc of the common short c^le CS^pUca 
l ~7 L Jmp nrouD identification short code G1SC or the replica code in which the replica code D CS c <* common 

r^rc*^^^ 

ram the mJch^ Ser 82 based on the data .atch clock 0 CLK2 suppfiedfrom the controller 81 and outputs th* to he 
into the other input terminal of the AND circuit 86. and when the level of the control s>gnal S63 ,s H . the AND c.rcurt 

<° be ~* out uom *° ™ xcUed fil,er 82 and the corre,ation 

STseS be t^SSSSSZScul 86. and outputs the resultant co^^.^^^S 
87 and the controller 81. Note that, if the correlation value S62 is outputted from the AND circuit 86. the adder 85 

22? "STSSS^ ihresh^ SEE from 6 tTcontroller 81 and compares the threshold value 

Shis hreToS S^tZsZ L included ^relation value S64. and if the value of the correction value 
SWexceUs tS°hreshoW™alue. the comparator 87 outputs detection data to the controller 8 
SISTSI irst timer 88, rece Mng a count start command S65 from the controller 81 . counts up to the fme of the 
[0096] The first! mer a js ^ en£j , n{ormatlon S66 

^S^tXK^Z^^ timer B9, receiving the count command S67 from the controller 81. 
S^C^t^o^rTL received signal 810 for detecting the partial correlation (more precisely, the time 
tTS^^ST«. cycle of the common short code CSC shown in Fig. 7). and when the count.ng ,. ended, .t 
outputs count end information S68 to the controller 81. ^.^.^ M~, if . 0 on described 

r00971 Here the correlation coefficient generator 83 provided in the synchromzation detection device 80 d^.bed 
Eov* win b explained more specifically with reference to Fig. 15. As shown in Fig. 15, the correlation coefficient 
gne^^^ 

by operating these two PN decoders 90 and 91 based on the control s.gnal S61 (i.e.. Dsc-int ■ Dlc-.nt • Dcue ana 

raolsi The first PN decoder 90 is a decoder to generate replica code D csc of the common short code CSC : or, replica 
ccS D,2 o he group identification short code CISC, and when it receives the in,t,al value 0^ of the ^common 
Ton c^e CSC- or group identification short code CISC, generates data code for one cyc.e of the correspond.ng short 
code CSC or Gl SC at once and outputs this as the replica code D csc or D GISC . 

mem On the other hand, the second PN decoder 91 is a decoder to generate replica code D L c of the long , code I LC 
££S?bT££V>* 93 or «. ~**« *«* «*• <W <* •>• cede L C ,„ be suppl ,. a „om ft. Uch 

£m the ^st PN decoder 90 and the replica code D LC transmitted via the AND circuit 96. and outputs the resultant 
S to^rSXSSZS** the repiica code D R . Note that, since this is the exclus^e OR calculate. ,f the raphe. 
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code Die ^ not transmitted from the AND circuit 96, the replica code D csc or D GISC is transmitted as it £ 
[OW Here, the principle of replica code generation of PN decoders 90 and 91 desenbed above will be explained. 
Howeverln o der to simplify the explanation, let the code to be generated at the PN decoder to be PN95. In Fig. 16. 
STTToSiSTpN decoder to generate the PN95 code, and this comprises a shift register 101 having nine steges 
5 and an exclusive OR circuit 102. In this PN decoder 100. output of the register D4 and output of the register DO are 
entered into the exclusive OR circuit 102. and by entering the result of the exclusive OR calculation into the register 
D8 PN code is sequentially transmitted. 

roiOSl Supposing IS ~ 10 to be the initial values of DB - DO. the output 00 at T=0 becomes 10. and when T=1 . the 
value of the shirt register 101 shifts to the right by one and the output 01 becomes 11 . Moreover, at that time the result 
io of exclusive OR calculation of 14 and 10 is entered into the register D8. «„,,.•,„ i* 

101061 Similarly, when T=2. the output 02 becomes 12. and the results of exclusive OR calculation of 1 1 and 15 are 
entered into the register D8. Repeating this operation, the output code to be transmitted from the PN decoder 100 
become initial values 10 to 18. or the result of exclusive OR operation of the output value of the predetermined time. 
Taking this into consideration, the output codes O0 to 01 9 at the time T = 0 to 1 9 can be expressed by the exclusive 
OR operation based on the initial values 10 to 18. Accordingly, the PN decoder 103 which outputs the output codes 00 
~ 019 at once at the same time can be constructed by the gate circuit using exclusive OR c.rcu.ts EX1 to EX11 as 
shown in Fig. 17. Buffers B1 to B9 provided in the PN decoder 103 are devices to generate delay time for absorbing 
the operation time in the exclusive OR circuits EX1 to EX11. ~ D 
r0107l The first and the second PN decoders 90 and 91 are formed by the gate circuit using the exclusive OR circuit 
based on the principle described above. When the initial value D SC _ INT is given to the first PN decoder 90. this first PN 
decoder 90 generates replica code D csc of the common short code CSC or the replic code D G1SC of the group iden- 
tification short code GISC for one cycle at once, and when the initial value D^t or D UC . INT is given to the second 
PN decoder 91 . this second PN decoder 91 forms replica code D^ of the partial long code corresponding to the length 
for one cycle of the short code at once. 
ss roiOS] Since the PN decoders 90 and 91 to generate replica code D csc . D GISC or D LC of the fixed length are provided 
in this synchronization detection device 80. the correlation detection can be conducted at high speed giving the cor- 
relation coefficients to the matched filter 82 all at once. However, the general PN decoder 100 which generates .codes 
in time series is used causes the problem that it takes time to generate the replica code of the fixed-length and accord- 
ingly to detect the correlation . . 
so roiOSl The replica code D LC is the partial code of the long code LC. In order to detect the correlation with the long 
code LC it is desirous to generate the partial code having a desired phase of the long code LC. However, considering 
the principle of code generation of the PN decoder, output code is determined by the value in the shift register. Thus, 
if the value in the shift register at the fixed time is calculated and this would be entered into the second PN decoder 
91 the partial code of the desired phase can be easily generated without changing the circuit construction. The task 
35 of the data decoder 95 described above is to calculate the value in the shift register at the fixed time. 

r0110] Here the principle of data calculation in the data decoder 5 will be explained. In general, the value tn the shift 
register at the predetermined time T = X can be obtained by the exclusive OR calculation of the initial value of the shift 
register and the matrix corresponding to the amount of shift of the shift register. For example, if the code to be generated 
is taken to be PN 95 the value 18' ~ 10' in the shift register at T = 9 can be expressed as following equation (1 ). 
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[0111] If this transform matrix is taken as A shown by the following equation (2), this is a matrix for obtaining the 
value in the shift register when the time "9* has passed from the reference time: 
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[0112] Accordingly, in the case of obtaining values IB* ~ I0" in the shift register at the time T = 18. as shown in the 
following equation (3), these values can be obtained by the calculation using the transform matrix A making values 18' 
~ 10' in the shift register as the initial value at T = 9. 
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r01 1 31 Accordingly, as the data decoder it may just conduct the exclusive OR calculation corresponding tc |tWs trans- 
\ZLT£« a 9 s y shown in Fig. 18. the data decoder 105 to obtain the value in the shift reg.ster when the t.me 9 

hac na «~ d ca n be constructed only by the exclusive OR circuits EX20 to EX26. 

?0114rSe data decker 95 descn'bed above is formed only by the exclusive OR circuit based the^ abov. , pnnejpto. 
Lnd S co^ducSo me exclusive OR calculation making the initial value D LC , NT or D LC , NT ' of the fixed t.me as an input 
^IZfth S^ate X 1n t for generating the partial code of long code LC of the following phase. In the 
9 h Z Z 1 detec Lon devi £ 60 by providing such data decoder 95, the partial code of the desired phase can be 
^S^^c^^.5«ll constructs of the PN decoder 91 by calculating the initial va.ue W 

EE ' £eS^ detection device 80 wi.l be exp.ained referring ,to , ^1 £ 

21 20 RQ 19 shows the processing from the timing detection of long code LC by the common short code , C SC to 
meidentrf^ 

s « eD SP* the Z uoner 81 upp.ying the initial va.ue D SC , NT of the common short code CSC as the control s.gna 
S61^ to^he first PN decoder 90 in the correlation coefficient generator 83. makes the corre.at.on coeff.c.ent generator 

S^^rSS^S 81 SC 9 ,ing the first threshold value V for detecting the 
common short code CSC to the comparator 87 as the threshold data Dth . sets the f.rst threshold va.ue to the 
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e.releasestt^stateclthemat^^ 

[Otis] AtttetoliowrngslepSPM.thecomroreroi ,<™g , Da c«lcallv Ihe comparator 89 compares the 

L matched -lite, 62 exceeds the SstlethoS 'Z^ S^n the correlationvalue S64 

i exceeds the tlrst <^^ V ^^^^Z^ S£Z l^totor, value S60 a the time 
^^SSKSKTCSJ! — ^—etaticvet.eseotcecom.arato.ayae 

To^r^e.^^ 

long code LCbytransmnrng '•'^^^^^^TJ^^^ « iudges whether the 

mr^T;-~^ 

threshold value V™ and repeats the same processmg. On the othe ^JJ^™^,. processing until the timer 
the second threshold value Vth2 . the control 81 re M"-"^" 7°*^ ^ther the correlation 

stops. More specifically, in the process** from he step ™ „ is the larges t correction 
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replica code Dlc- Then, the matched filter 82 calculates the correlation value S60 between the held received signal 
S10 and the replica code D R formed of replica codes Dcsc ancl d lc- 

[01 35] Then, at the following step SP72, the controller 81 judges whether the correlation value S60 transmitted from 
the matched filter 82 exceeds the fifth threshold value Vths or not - based on the detection data §oej transmitted from 

s the comparator 87. As a result, if it is found that the correlation value S60 has not exceeded the fifth threshold value 
v th5' tne controller 81 proceeds to the step SP73. At this step SP73, the controller 81, by supplying the initial value 
d lc-int * or generating the next candidate replica code DLC into the second PN decoder 91, makes the second PN 
decoder 91 generate the next candidate replica code Dl C and upon returning to the step SP72. conducts the judgment 
on the correlation value S60. To be more precise, before moving to the next candidate, replica codes D|_ c with shifted 

io phase are sequentially generated on that candidate and the correlation is detected. As a result, if there is no correlation 
value exceeding the threshold value in that candidate, the controller 81 moves to the next candidate. With this arrange- 
ment, in this synchronization detection device 80, the phase of long code LC is identified with the identification of long 
code LC. 

[0136] Thus, as a result of judgement of correlation value S60 by sequentially generating candidates of the long 
75 code LC, if the correlation value S60 exceeds the fifth threshold value V^, tne controller 81 moves to the step SP74 
assuming that the long code LC has been identified, and terminates the processing. 

[0137] In this case, as a matter of course, the replica code D LC obtained an affirmative result in the step SP72 
becomes the long code LC existing in the received signal S10. Moreover, in the case of identifying the long code LC 
continuing immediately after the processing shown in Fig. 1 9 has been conducted, the processing up to the step SP64 

20 in the process shown in Fig. 20 can be omitted. 

[0138] According to the foregoing construction, at first, this synchronization detection device 80 generates replica 
code D csc of the common short code CSC for detecting common short code CSC to regulate timing of long code LC, 
and calculates the correlation value S60 between the received signal S10 and the replica code D csc by sequentially 
capturing the received signal S10 with the matched fitter 82. Then, this synchronization detection device 80, judging 

25 whether the correlation value S60 exceeds the first threshold value V TH1 or not, detects the common short code CSC. 
[0139] When the common short code CSC can be detected, this synchronization detection device 80 generates the 
replica code D GISC of the group identification short code GISC and causes the matched filter 82 to hold the received 
signal S1 0 of the time when the common short code CSC is detected and to calculate the correlation value S60 between 
that received signal S10 and the replica code D G | SC . Then, successively changing replica code D GISC of the group 

30 identification short code GISC, the synchronization detection device 80 identifies group identification short code GISC 
by judging whether that correlation value S60 has exceeded the second threshold value or not. 
[0140] After detecting the group identification short code GISC, the received signal S10 for calculating partial corre- 
lation of the long code LC is captured into the matched filter 82, and when this processing ends, the matched filter 82 
is set to be in a hold state, partial replica code D LC of the long code LC is generated, and the correlation value S60 

3S between the received signal S10 and the replica code D LC is calculated with the matched filter 82. And replica codes 
D LC of the long code LC are sequentially changed in the group specified by the group identification short code GISC, 
and by judging whether the correlation value S60 exceeds the fifth threshold value V-^ or not, long code LC can be 
identified. 

[0141] Thus, in this synchronization detection device 80, by successively changing the replica codes DR (D csc , 
40 d gisc and d lc) while holding the received signal S10 in the matched filter 82, the correlation value with respect to 
each replica code can be obtained at high speed and each code can be identified at high speed. And thus, the long 
code LC included in the received signal S1 0 can be identified at higher speed as compared with the conventional device. 
[0142] According to the foregoing construction, the received signal Si 0 can be held in the matched filter 82 and by 
changing the replica codes Q csc , D G(SC and D LC at fixed timing, the correlation value S60 can be calculated and each 
4$ code is to be identified, so that the long code LC included in the received signal S10 can be identified at high speed. 
[0143] Note that, in the aforementioned embodiment, the present invention is applied to the cellular radio commu- 
nication system of asynchronous communication between base stations in DS-CDMA scheme. However, the present 
invention is not limited thereto and the same effect as aforementioned case can be obtained if the present invention 
is applied to other systems. 

so [0144] According to the present invention as described above, a data shift clock to be given to matched filtering 
means stops at desired timing to hold a received signal, and by changing a replica code generated by the correlation 
coefficient generating means to a first, second, or third replica code at desired timing and calculating the correlation 
value of that time, the, second code, the third code and the first code are successively detected and the timing and the 
code group of the first code are detected. Thereby, the matched filtering means can conduct the correlation detection 

ss holding the received signal and thus, each correlation detection can be conducted at almost the same timing and the 
first code included in the received signal can be identified at high speed as compared with the conventional device. 
[0145] While there has been described in connection with the preferred embodiments of the invention, it will be 
obvious to those skilled in the art that various changes and modifications may be aimed, therefore, to cover in the 
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appended claims all such changes and modifications as fall within the true spirit and scope of the invention. 



Claims 

1. A synchronization detection device tor receiving a signal including first code, known second code tor detecting 
timing of said first code and third code for specifying the group of said first code, and for detecting the timing and 
code type of said, first code included in said received signal, comprising: 

a correlation detecting device for sequentially capturing said received signal based on data shift clock supplied, 
and for receiving replica code corresponding said first, second or third code and detecting a correlation value 
between said first, second or third replica code and said received signal; 

a correlation coefficient generating device for generating said first, second or third replica code and supplying 
it to said correlation detecting device; and 

a control device for stopping the supply of said data shift clock at desired timing and causing the correlation 
detecting device to hold said received signal, and simultaneously, switching the replica code to be generated 
by said correlation coefficient generating device to said first, second or third replica code at desired timing and 
detecting said correlation value of that time, and thereby, detecting said second code, said third code and said 
first code in order to detect the timing and code type of said first code. 

2. The synchronization detection device according to claim 1 , further comprising 

a comparator for detecting whether said correlation value exceeds a prescribed threshold value or not, wherein 
said control device detects said correlation value by setting said threshold value of said comparator to a pre- 
scribed value in accordance with switching of said replica codes. 

3. The synchronization detection device according to claim 2, wherein said control device is for 

firstly, causing said correlation coefficient generating device to generate said second replica code and sup- 
plying said data shift clock to said correlation detecting device, in order to cause said correlation detecting 
device to detect the correlation value on said second replica code, and by judging whether said correlation 
value exceeds the first threshold value or not, detecting said second code to detect the timing of said first code; 
when said second code is detected, stopping the supply of said data shift clock to cause said correlation 
detecting device to hold said received signal and making said correlation coefficient generating device gen- 
erate successively said third replica code which can be considered as a candidate, and by judging whether 
said correlation value sent from said correlation detecting device at that time exceeds the second threshold 
value or not, detecting the type of said third code; and 

when said third code is detected, supplying said data shift clock for a fixed period of time to cause said cor- 
relation detecting device to capture and hold a fixed length of said received signal, making said correlation 
coefficient generating device generate said first replica code of the group specified by said third code succes- 
sively, and by judging whether said correlation value to be transmitted from said correlation detecting device 
at that time exceeds the third threshold value or not, detecting the type of said first code. 

4. The synchronization detection device according to claim 3, wherein 

said first replica code is partial code corresponding to said first code, and in the case of detecting the type 
of said first code, partial correlation is detected by said correlation detecting device. 

5. The synchronization detection device according to claim 2, 3 or 4 wherein: 

said comparator compares a synchronization correlation value generated by adding the correlation value on 
said second replica code to the correlation value on said third replica code with the threshold value supplied 
from said control device; and 

said control device detects the timing of said first code by the comparison output from said comparator. 

6. The synchronization detection device according to claim 5. wherein 

said control device detects the timing of said first code based on the correlation value ratio of said second 
replica code and said third replica code of said synchronization correlation value, which is generated by adding 
said correlation value on said second replica code and said correlation value on said third replica code. 
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7. The synchronization detection device according to claim 1 , wherein said control device is for 

firstly generating said second replica code with said correlation coefficient generating device and supplying 
said data shift clock for a first predetermined period of time to said correlation detecting device, to cause said 
5 correlation detecting device to detect the correlation value on said second replica code, and setting a value 

corresponding to the maximum correlation value within said first predetermined period of time as a first thresh- 
old value; 

making said correlation coefficient generating device generate said third replica code which can be considered 
as a candidate in success, and by judging whether said correlation value outputted from said correlation de- 
70 tecting device at that time exceeds said first threshold value or not, detecting the type of said third code; 

judging whether the synchronization correlation value, which is generated by adding the correlation value on 
said second replica code and the correlation value on said detected third replica code, exceeds the second 
threshold value or not, to detect the timing of said first code; and 

supplying said data shift clock for a second predetermined period of time to cause said correlation detecting 
75 device to capture and hold a predetermined length of said received signal, making said correlation coefficient 

generating device generate said first replica code of the group specified by said third code in success, and 
detecting whether said correlation value outputted from said correlation detecting device at that time exceeds 
the third threshold value or not, to detect the type of said first code. 

20 8. The synchronization detection device according to any preceding claim, wherein 
said correlation detecting device is a matched filter. 

9. A synchronization detecting method for receiving a signal including first code, known second code for detecting 
timing of said first code, and third code for specifying the group of said first code, and detecting the timing and the 
25 code type of said first code included said received signal, wherein 

supply of data shift clock is stopped at desired timing to hold said received signal, and said second code, 
said third code, and said first code are detected in order based on the then said correlation value by switching said 
first, second and third replica codes at desired timing, to detect the timing and code type of said first code. 

so 10. The synchronization detecting method according to claim 9, comprising the steps of: 

firstly generating said second replica code and supplying said data shift clock to detect the correlation value 
of said received signal on said second replica code, and judging whether said correlation value exceeds the 
first threshold value or not to detect said second code, and detecting the timing of said first code; 
35 next stopping the supply of said data shift clock to hold said received signal, generating said third replica code 

which can be considered as a candidate in success, and by judging whether the correlation value between 
said third replica code and said received signal being held at that time exceeds the second threshold value 
or not, detecting the type of said third code; and 

after that, supplying said data shift clock for a predetermined period of time to capture and hold a predetermined 
<o length of said received signal, generating said first replica code of the group specified by said third code in 

success, and by judging whether the then correlation value exceeds the third threshold value or not, detecting 
the type of said first code. 

11. The synchronization detecting method according to claim 9 or 10, wherein 

45 said first replica code is partial code corresponding to said first code, and the type of said first code is detected 

by detecting partial correlation. 

12. The synchronization detecting method according to claim 9, 10 or 11, wherein 

a synchronization correlation value is generated by adding said correlation value on said second replica code 
so to said correlation value on said third replica code, to detect the timing of said first code using said synchronization 

correlation value. 

13. The synchronization detecting method according to claim 12, wherein 

the timing of said first code is detected based on a correlation value ratio of said second replica code and 
55 said third replica code of said synchronization correlation value. 

14. The synchronization detecting method according to claim 9, comprising the steps of: 
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generating said second replica code and supplying said data shift clock for a first predetermined period of time 
to detect the correlation value between said second replica code and said received signal, and setting a value 
corresponding to the maximum correlation value within said first predetermined period of time; 
generating said third replica code which can be considered as a candidate in success and judging whether 
the then correlation value exceeds said first threshold value or not, to detect the type of said third code; 
judging whether the synchronization value, which is generated by adding the correlation value on said second 
replica code to the correlation value on said detected third replica code, exceeds the second threshold value, 
to detect the timing of said first code; and 

supplying said data shift clock for a second predetermined period of time to capture and hold a predetermined 
length of said received signal, successively generating said first replica code of the group specified by said 
third code, and by judging whether the then correlation value exceeds the third threshold value or not, detecting 
the type of said first code. 
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